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A B S T R A C T

The transparency and explainability of uncertainties related to read-across predictions are critical for filling 
toxicological data gaps. As frameworks for evaluating read-across have become standardised, so has the iden
tification and characterisation of the various types of uncertainty, particularly those related to chemical simi
larity. However, it has proven more challenging to assess overall uncertainty, particularly in defining what 
constitutes “tolerable” uncertainty. In this study, seven areas of uncertainty related to read-across were identified 
and their impact on read-across for two endpoints assessed; six related to aspects of chemical structure and 
properties, and a further one to uncertainty within the biological data used for read-across. The impact of un
certainty associated with these seven factors was related to ordinal categories. Examples of uncertainty assess
ment in read-across data gap filling, where different source analogues and the same target substances were 
evaluated, are provided for skin sensitisation and sub-chronic systemic toxicity. The resulting scheme, a generic 
tabular matrix, offers a flexible and adaptable approach for assessing uncertainties related to read-across pre
dictions, particularly those from a single-source analogue and includes an overall uncertainty level for the read- 
across. Analysis of existing read-across predictions provides a means to define the level of tolerable uncertainty.

1. Introduction

Computational approaches in toxicology cover a wide range of 
techniques to predict the adverse effects of chemicals. At the simplest 
level, structure-activity relationships (SARs) are applied through struc
tural alerts; these methods become more complex with the integration 
and application of artificial intelligence, which relies on machine 
learning of large, chemically diverse datasets (Madden et al., 2020). This 
spectrum of methods is referred to as in silico new approach methodol
ogies (NAMs) and, as such, are crucial for animal-free safety assessments 
(Westmoreland et al., 2022; Schmeisser et al., 2023). One of the most 
commonly used in silico NAMs, especially for regulatory submissions, is 
read-across (Rovida et al., 2020; ECHA, 2023).

As previously noted (Wohlleben et al., 2023), read-across to fill 
toxicological data gaps involves inferring similar biological 
effects—such as the presence or absence of harmful effects and possibly 
potency—from similar chemical substances. This fundamental principle 
makes it one of the most essential tools in computational, or in silico, 
toxicology (Kovarich et al., 2019). According to the European Chemical 
Agency (ECHA), read-across has been widely used in regulatory 

submissions related to chemical safety (ECHA, 2023). However, chal
lenges remain in understanding its limitations and determining its 
acceptability as a replacement for animal tests (Ball et al., 2014). A key 
challenge is that the effectiveness of read-across depends on the proper 
definition and measurement of similarity, which vary depending on the 
toxicological context (Mansouri et al., 2024). Therefore, the main dif
ficulty often lies in proving and justifying the similarity between sub
stances to infer that the target molecule (the data-poor one) will exhibit 
similar, or predictably different, activity compared to the source mole
cule (the data-rich one). Compounding this issue is a known shortage of 
reliable and acceptable data-rich “source” molecules (Patlewicz et al., 
2025). As a result, challenges have arisen in relaxing the boundaries of 
the similarity criteria needed to define chemical groupings, including 
both target and source analogues with appropriate experimental data. 
Specifically, Schultz and Cronin (2017) identified difficulties in identi
fying and evaluating the uncertainties associated with a particular 
read-across extrapolation as one of the key hindrances in the acceptance 
of predictions.

In most cases, chemical structure similarity is key to identifying one 
or more analogues (source molecules) for a target molecule that lacks 
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data (Hagan et al., 2025). Exceptions to primarily relying on structural 
similarity can occur with complex mixtures (such as those with Un
known or Variable composition, Complex reaction products, or Biolog
ical materials (UVCBs)) (Zhou et al., 2025) or when biological similarity 
is considered (Vrijenhoek et al., 2022). Chemical structure similarity can 
be broken down into several measurable aspects, including metrics for 
similarity, shared functional groups, molecular scaffolds when appli
cable, and various physico-chemical properties (Schultz et al., 2015). 
While all aspects of structural similarity are valuable, those related to 
relevant toxicokinetic and toxicodynamic considerations of the specific 
toxicological endpoint being assessed are most crucial. For example, in 
the case of read-across for skin sensitisation, similarity in protein reac
tivity is expected, whereas for repeated-dose toxicity, similarity in 
metabolic clearance might be the critical factor (Wohlleben et al., 2023).

There is copious guidance on how to perform read-across for toxi
cological data gap filling (see, for example: ECHA, 2008; OECD, 2025; 
EFSA Scientific Committee, 2025). However, despite several decades of 
assessing read-across predictions, there are few clear guidelines on how 
to determine if two molecules, or substances, are “sufficiently” similar, 
in a quantitative manner, to be acceptable for a particular purpose. 
ECHA's Read-Across Assessment Framework (RAAF) provides some 
insight through its Assessment Elements (AEs) (ECHA, 2017). Still, it 
offers no specific definition of how structural similarity may be assessed. 
Whilst definitive descriptions of acceptable similarity are challenging to 
provide, there is an opportunity to characterise uncertainties in the 
read-across as a means to help identify acceptable similarity (Schultz 
and Cronin, 2017).

Most guidance on conducting toxicological read-across recommends 
or requires considering uncertainties (ECHA, 2008; OECD, 2025; EFSA 
Scientific Committee, 2025). In this context, and for this paper's pur
poses, the European Food Safety Authority (EFSA) definition of uncer
tainty as “a general term referring to all types of limitations in available 
knowledge that affect the range and probability of possible answers to an 
assessment question” is relevant (EFSA Scientific Committee, 2018a). It is 
accepted that uncertainties in risk assessment can be identified, char
acterised, and, where possible, quantified (EFSA Scientific Committee, 
2025). This process can also be applied to read-across, where various 
frameworks identifying uncertainties have been published (see, for 
example: Wu et al., 2010; Blackburn and Stuard, 2014; Schultz et al., 
2015) and later unified by Schultz et al. (2019). Specifically, regarding 
structural similarity in read-across, the elements of uncertainty that 
support it may be identified, characterised, and potentially quantified.

To apply the concept of uncertainty in supporting and evaluating 
read-across, most current guidance refers to achieving "tolerable” (or 
“acceptable”) levels of uncertainty (EFSA Scientific Committee, 2025). 
However, there is often confusion because there are limited or no clear 
ways to define such a level. The situation becomes more complex when 
considering that tolerable uncertainty should be defined within the 
problem formulation of a read-across, and levels of tolerable uncertainty 
will vary depending on the context. It is also accepted that if uncertainty 
is too high for a specific purpose, additional information and evidence 
must be provided (Schultz and Cronin, 2017; Pestana et al., 2021, 2025; 
Patlewicz et al., 2025) or the read-across may ultimately be deemed 
unfit for purpose and not accepted. Although tolerable uncertainty may 
not be explicitly defined for a read-across to be accepted, the uncertainty 
must be tolerable to the decision maker. It is the responsibility of the 
decision maker to act upon that information. In this context, EFSA 
(2018a) describe this as “practical certainty”. EFSA (2018a) state that 
practical uncertainty should “sufficient for the practical purpose at 
hand” – with regard to this investigation this would be the acceptability 
of a read-across for a particular purpose. Recent evaluations of ECHA's 
accepted read-across assessments (Patlewicz et al., 2024; Roe et al., 
2025, 2026; Schmitt et al., 2025) have clearly illustrated the types of 
read-across that have been accepted — those with tolerable uncertainty.

The goals of this investigation were fourfold. Firstly, to identify, 
characterise, and qualitatively determine the uncertainties related to the 

structural basis of read-across, including relevant aspects of chemical 
similarity metrics, essential functional groups, and molecular scaffolds, 
as well as related physico-chemical and other data, including the toxi
cological data read across. Secondly, to propose a scheme that includes a 
generic tabular matrix offering a flexible and adaptable approach for 
assessing uncertainties associated with read-across predictions, espe
cially those from a single-source analogue. Thirdly, to demonstrate the 
usefulness of the method by applying the matrix and analysing two se
ries of read-across examples to measure the various uncertainties related 
to a particular read-across prediction. Fourthly, to use the scheme to 
assess uncertainties to identify tolerable uncertainties in published read- 
across examples.

2. Methods

2.1. Identification of uncertainties in the definition of molecular similarity

Molecular similarity assessments can use either endpoint- 
independent or endpoint-specific chemical and/or biological informa
tion; these approaches align with unsupervised and supervised methods, 
respectively (Mansouri et al., 2024). Unsupervised chemical grouping 
relies on general similarity measures to find patterns and relationships 
without prior knowledge of the toxic endpoint of interest, and such 
techniques help generate hypotheses about toxicity. However, they may 
not be ideal for grouping compounds to allow read-across of an OECD 
test guideline study, i.e., based on toxicodynamic considerations. In 
contrast, supervised methods require endpoint-specific similarity mea
sures, such as those relating chemical features to a particular biological 
activity. These methods are suitable for developing endpoint-specific 
hypotheses and building predictive models to assess new chemicals, 
such as the profilers in the OECD QSAR Toolbox (Schultz et al., 2022), 
and form the basis of the investigation in this study.

It is acknowledged that many uncertainties may be identified 
regarding toxicological read-across. Such uncertainties include those 
due to similarity measurements, experimental studies, and within- and 
between-species effects, and non-standard uncertainties, as well as those 
related to the applicability of the experimental data to be read across 
(Schultz et al., 2019; EFSA Scientific Committee, 2025; OECD, 2025). 
This study focuses primarily on uncertainty related to chemical structure 
and molecular properties, as these are fundamental to the initial iden
tification of read-across analogues. Additionally, well-defined and 
justified chemical similarity should encompass the molecular aspects of 
toxicodynamics (e.g., interaction at the molecular site of action) and 
toxicokinetics (e.g., systemic bioavailability and metabolite produc
tion). Besides chemical similarities, the availability and quality of toxi
cological data are also crucial for the acceptance of read-across. 
Understanding the uncertainties related to toxicological data is 
essential.

The application of read-across is often facilitated by a workflow. 
Patlewicz et al. (2018) proposed a unified generic workflow incorpo
rating several familiar steps, namely decision context and data gap 
analysis, definition of an overarching similarity rationale, analogue 
identification and evaluation, data gap filling, ending with uncertainty 
assessment. The generic read-across workflow has served as the basis for 
regulatory guidance (EFSA Scientific Committee, 2025; OECD, 2025). 
The experience of the authors of the current investigation is that the 
most crucial uncertainties in the workflow are those from the identifi
cation and evaluation of analogues and data gap filling. The identifi
cation and evaluation of analogues is a process that involves comparison 
of the target and source molecules in terms of 2D structural parameters, 
which may dictate toxicodynamic effects, relevant phyisco-chemical 
properties, factors related to toxicokinetics and pertinent in vivo or 
NAM data. Filling the data gap relates to utilising appropriate data for a 
suitable analogue and its justification. Thus, for the purposes of identi
fying the most critical uncertainties related to read-across, those related 
to specific aspects of chemical similarity and data quality were 
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evaluated. Based on the authors’ knowledge of the read-across process 
and the identification of acceptable analogues, as noted, a total of seven 
relevant uncertainty factors related to the following were determined 
and are described below.

2.1.1. Metrics of chemical similarity
The metrics of similarity can be calculated using various approaches 

and methodologies. Usually, they consist of two components: first, a 
description of the molecules, which could be based on physico-chemical 
properties or structural descriptors, but more commonly on one of the 
sets of “fingerprints” that indicate the presence or absence of structural 
features in the molecule (Cereto-Massagué et al., 2015; Mellor et al., 
2019). The second component is the algorithm used to calculate the 
similarity. The most commonly used method is the Tanimoto index, 
along with the Dice, Cosine, and Manhattan indices. Alternative ap
proaches (for continuous descriptors) include using k-nearest neigh
bours, Euclidean distances, and others (Bajusz et al., 2015; Maggiora 
et al., 2014; Willett et al., 1998). Another commonly reported metric is 
the molecular formula, which is expressed as a count of the elements in a 
compound.

It is acknowledged that similarity metrics are not comparable across 
different descriptor sets/fingerprints or calculation methods. Addition
ally, they are influenced by the methodology used and may not accu
rately reflect similarity, mainly when activity cliffs are not accounted for 
(Lester et al., 2023; Mellor et al., 2019). They are often used as a pre
liminary step when searching databases and require additional infor
mation to make a well-informed decision and provide a justification for 
a read-across analogue.

2.1.2. Definition of chemical class
Chemical classes may be defined, this is typically a manual process 

that can include classes based on functional groups, molecular scaffolds, 
whether molecules are linear or branched, the number and type of rings, 
and other factors (Muldoon et al., 2025). Chemical classes can also be 
categorised into established groups, such as those defined by the United 
States Environmental Protection Agency (US EPA) (US EPA, 2024) or 
through the OECD QSAR Toolbox (Dimitrov et al., 2016).

2.1.3. Molecular similarity relating to toxicodynamics
The role of toxicodynamics can be evaluated by comparing mole

cules based on their functional groups or, should the information be 
available, molecular (sub-)structure(s) that define the molecular initi
ating event (MIE). Similarities in toxicodynamics are often grounded in 
the appropriateness of the premise or hypothesis, which may include 
mechanistic probability or plausibility, understanding the chemical 
mechanism of action, biological mode of action, or Adverse Outcome 
Pathway (AOP). For local adverse effects, these include functional 
groups or extended molecular fragments that align with the molecular 
initiating event of appropriate AOPs (Cronin et al., 2017). These are 
often reactive functionalities, such as those involved in protein binding 
(Enoch et al., 2011), which are related to skin sensitisation and clasto
genesis, or in DNA binding (Enoch and Cronin, 2010), which are asso
ciated with mutagenicity. When the MIE is known, typically, to ensure a 
conservative read-across, the source molecule should have similar or 
greater activity. Thus, for an endpoint associated with binding to DNA or 
proteins, the read-across analogue should be as reactive as, or more 
reactive than, the target.

For longer-term, multiple-dose effects (i.e., 90-day oral repeated- 
dose toxicity or developmental toxicity), coverage of AOPs is less 
comprehensive. Toxicodynamic uncertainties often require maximising 
the number of identical structural components between the target 
compound and the source chemical, supported by appropriate test data. 
Similarity in toxicodynamics may also be supported by receptor-binding 
similarity (Wu et al., 2023a), as well as in vitro and other NAM data, 
including those from the -omics technologies (Barnett et al., 2025; de 
Abrew et al., 2022; Escher et al., 2019, 2022; Pestana et al., 2021; Ross 

et al., 2025).

2.1.4. Molecular similarity relating to toxicokinetics: bioavailability
For subchronic toxicity or repeat dose effects, which may be non- 

lethal, similarity in systemic bioavailability of the molecule is often 
required for consideration. As bioavailability is linked to clearance, 
functional groups that control this process should be assessed (e.g., 
Boyer et al., 2007; Wu et al., 2023b). Generally speaking, to ensure a 
conservative read-across, the source molecule should be at least as 
bioavailable as, or more bioavailable than, the target. Similarity in 
toxicokinetics may also be supported by in vitro and other data (Laroche 
et al., 2018).

2.1.5. Molecular similarity relating to toxicokinetics: the formation of 
common metabolites or degradants

The formation of a common metabolite, or degradation product, is a 
common justification for read-across arguments (Ball et al., 2014; ECHA, 
2017; Patlewicz et al., 2025; Schultz et al., 2015). In addition, consid
eration of common reactive metabolites may also be necessary (see 
Kalgutkar et al., 2005). It should be noted that the rate of formation of 
the metabolite/degradant in the source molecule should be equivalent 
to, or faster than, the target molecule. In addition, such a read-across 
hypothesis can be applied to dissimilar molecules, so the other ele
ments of similarity may be expected to be more uncertain. Similarity in 
metabolite or degradant formation and the rate of formation may also be 
supported by in vitro and other data (Yordanova et al., 2021).

2.1.6. Physico-chemical properties relating to toxicokinetics
Similarity can be assessed based on relevant physico-chemical and 

molecular properties, such as molecular weight, the logarithm of the 
octanol-water partition coefficient (log P), aqueous solubility, vapour 
pressure, Henry's law constant, and melting and boiling points. Other 
ADME properties, such as uptake from the gut and skin absorption, may 
also be considered. While experimental data and values should be 
preferred over calculated ones, the difference between the target and 
source values is meaningful (Pestana et al., 2025). Data should be taken 
from the same methodology or estimation method to avoid further 
propagation of errors. Thus, in this scheme, uncertainty is minimally 
affected by whether physicochemical properties are measured or 
calculated. The properties selected should be relevant to the toxicolog
ical endpoint, such as dermal absorption for skin sensitisation, oral ab
sorption for repeated dose toxicity via gavage, and volatility for 
respiratory effects, etc.

2.1.7. Toxicological data quality
The quality and reliability of read-across toxicology data are crucial 

in determining their acceptance (Schultz and Cronin, 2017). At a min
imum, data for the source chemical should meet the quality and reli
ability requirements necessary to fill the data gap. For example, to fill a 
data gap for regulatory assessment, such as hazard identification, the 
data should typically be generated in accordance with OECD Test 
Guidelines and under Good Laboratory Practice (GLP) conditions.

It should be recognised that data quality assessment is itself subjec
tive and prone to uncertainty and bias (Przybylak et al., 2012). Several 
schemes exist to evaluate the quality of toxicity data, with the most 
widely used described by Klimisch et al. (1997) and formalised, in part, 
within the ToxRTool (Schneider et al., 2009). Other viable evaluation 
schemes include Criteria for Reporting and Evaluating Ecotoxicity Data 
(CRED) (Moermond et al., 2016) and the Science in Risk Assessment and 
Policy (SciRAP) approach (Molander et al., 2015). To reduce variability 
in the assessment of data quality, consistent criteria should be applied 
which are relevant to the context of the read-across and endpoint, as 
defined by Przybylak et al. (2012)
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2.2. Defining uncertainty in read-across on an ordinal scale

The aspects of uncertainty outlined in Section 2.1 were defined and 
described in terms of their importance. Uncertainty was measured with 
respect to. 

i) For each aspect of uncertainty, relevant quantifiable criteria were 
defined.

ii) The levels of uncertainty were established using the criteria 
described by EFSA relating to the definition, description and 
quantification of uncertainty (EFSA Scientific Committee, 
2018b). These were placed on an ordinal scale (very low, low, 
moderate and high).

iii) Relevant classifications of uncertainty were identified for the 
read-across process.

iv) For each aspect of uncertainty related to read-across, criteria are 
proposed concerning the information, data, or chemical property 
considered, i.e. those that are associated with a particular level of 
uncertainty.

v) The impact of uncertainties on the assessment conclusion (as 
termed by EFSA Scientific Committee, 2018b), i.e., the read- 
across assessment to fill a data gap, was evaluated. The goal 
here is to identify key uncertainties. The impact varied for the 
toxicological endpoints considered.

With regard to evaluating the impact of uncertainties, areas of un
certainty with high impact are those that were considered to be critical 
in determining the similarity between target and source molecules for 
endpoint-specific read-across. Low impact uncertainties are those that, 
although they need to be considered in the overall assessment, are not 
regarded as primary drivers of toxicity. High impact uncertainties are 
essential in determining the overall level of uncertainty. A final impact 
level of “no impact" indicates that the uncertainty is not relevant for the 
read-across. The impacts were assessed according to the authors’ 
knowledge and state-of-the-art of read-across. Impacts are implicitly 
context and endpoint dependent.

2.3. Analysis of accepted read-across and definition of overall uncertainty

Read-across for data gap filling was assessed for the following two 
toxicological endpoints. 

i) Skin sensitisation, for example, as indicated by the results of the local 
lymph node assay. Here, an essential aspect of chemical similarity 
relates to the molecule's ability to bind to immunoprotein covalently 
(or not) and to have a similar dermal absorption profile (Wareing 
et al., 2017).

ii) Sub-chronic systemic toxicity, as represented by an outcome, such as 
a no observed adverse effect level (NOAEL), of a repeated dose ro
dent assay (Schultz and Cronin, 2017).

The similarities between the target and source molecules were 
assessed, and uncertainty was determined based on the results from the 
factors identified in Sections 2.1 and 2.2. This was done for read-across 
scenarios deemed “acceptable.” Additionally, other read-across cases 
where molecular similarity was not sufficient to support read-across 
were noted.

The overall level of uncertainty for the read-across was assessed 
qualitatively (i.e., ordinal classification), relating in part to the recom
mendations in EFSA's guidance (EFSA Scientific Committee, 2025) and 
others (Pestana et al., 2021, 2025). This was done by interpreting the 
uncertainty levels in relation to their impact on the endpoint. Except in 
rare cases, overall uncertainty was not considered greater than the 
highest individual uncertainty. Overall uncertainty could be lower than 
the highest individual uncertainty if that uncertainty's impact was low or 
minimal.

2.4. Determining uncertainty in published read-across predictions to 
identify tolerable uncertainty

One of the largest published collections of read-across predictions is 
that used in the safety assessments of fragrance materials compiled by 
the Research Institute of Fragrance Materials (RIFM) (Api et al., 2015). 
Although RIFM's read-across assessments are not intended for regulatory 
use, they are carefully curated by staff, including toxic endpoint spe
cialists, who complete a standard read-across justification template. 
During the internal review process, each proposed read-across un
dergoes a tiered review by multiple groups of chemistry and toxicology 
experts.

To evaluate the usefulness of the proposed scheme to determine 
uncertainty, the “read-across justification” section of molecular pairings 
(a target and a source substance) and relevant endpoint sections where 
key data are reported in the Fragrance Materials Safety Assessments 
were analysed. All assessments were published within the last five years 
and are accessible through the Fragrance Material Safety Assessment 
Center (https://fragrancematerialsafetyresource.elsevier.com/).

After evaluating both individual and overall uncertainties for the 
published fragrance material read-across assessments, the uncertainties 
were deemed "tolerable." This established the benchmark for defining 
tolerable uncertainty, meaning the maximum level of uncertainty was 
the highest acceptable level for approving the read-across assessments.

3. Results

In this investigation, the authors identified the main areas of un
certainty in read-across, focusing on the structural basis of these factors 
and the toxicological data used to fill data gaps. The work is based on the 
premise that as the proportion of identical structural features between 
target and source molecules decreases, the need to evaluate various 
forms of chemical similarity increases to understand these differences. 
We propose a scheme to categorise these uncertainties qualitatively, 
which references the terminology used by EFSA (EFSA Scientific Com
mittee, 2018b) and the ECHA RAAF assessment outcomes (AOs) (ECHA, 
2017). Subsequently, read-across scenarios are evaluated for uncer
tainty, and a method for providing a qualitative overall uncertainty 
value is proposed. The intent is that all information and uncertainties 
outlined in Section 2.1 be addressed flexibly and adapted to the specific 
endpoint being read across and the context in which it is applied. Our 
goal is to develop such a scheme, provided that the adaptations are 
documented, to be appropriate for the toxicological context being 
scrutinised.

3.1. Chemical identification

As is consistent with numerous read-across frameworks, evaluating 
uncertainties in a proposed read-across requires accurate identification 
of both the target and source substances (Patlewicz et al., 2018). We 
have observed that structures that, where necessary, include details of 
isomerism are the most reliable form of chemical identification for 
analysing the structural factors that influence uncertainty. It is crucial to 
ensure that the names, which often have multiple options, and the CAS 
registry number, which is usually one or none, match the structure. In 
our scheme, SMILES notation, which is frequently critical for in silico 
modelling, is the least essential chemical identifier, as multiple SMILES 
can represent the same substance.

3.2. Identification of uncertainties in the definition of structural similarity

A total of seven areas of uncertainty related to read-across were 
identified and are described in full in Section 2.1. Six of these concerned 
aspects of chemical structure and properties. The seventh involved un
certainty within the biological data that are to be read across. The au
thors contend that these seven criteria are sufficient to cover the main 
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aspects of uncertainty in the read-across approaches as currently 
described by regulatory agencies such as EFSA (EFSA Scientific Com
mittee) as well as the OECD (OECD, 2025).

3.3. Defining uncertainty in read-across

3.3.1. Determination of uncertainty
The uncertainty associated with the seven criteria described in Sec

tion 2.1 was assessed. In this case, an ordinal classification with four 
levels of uncertainty is used. These classifications (very low, low, 
moderate, and high) are explained and mapped onto EFSA's “Approxi
mate probability scale” (Table 2; EFSA Scientific Committee (2018b)
and the AOs from the ECHA RAAF (Table 2, ECHA (2017)), as shown in 
Table 1.

3.3.2. Defining the levels of uncertainty
The seven uncertainty criteria described in Section 2.1 were defined 

in terms of varying uncertainty levels, ranging from very low to high, 
using the definitions of uncertainty outlined in Table 1. These criteria for 
measuring uncertainty are listed in Supplementary Information Table 
S1. The criteria are proposed based on the authors’ knowledge, with an 
attempt to align with the state of the art and understanding in similarity 
and data quality assessment to support read-across, for instance as 
proposed by the EFSA Scientific Committee (2025). It is intended that 
the criteria should be flexible and adapted to allow incorporation of new 
knowledge as it becomes available. Each criterion is designed to enable 
meaningful assessment of uncertainty using simple aspects of chemical 
structure, such as similarity measures, chemical class, the presence of 
functional groups that affect toxicity or metabolic clearance, property 
similarities, and the quality of the data. Of the four uncertainty levels, 
very low and low are the most significant – very low indicates very high 

similarity, such as a salt or a one-carbon difference between the target 
and sources. Low uncertainty indicates reasonable similarity, while 
moderate uncertainty reflects a more relaxed consideration of uncer
tainty. Defining high uncertainty (which combines various EFSA prob
ability terms, as listed in Table 1) is unlikely to be acceptable in any 
situation.

For metrics of chemical similarity, definitive values to categorise 
uncertainty for similarity levels are not provided. This is because 
different calculation methods and descriptors or fingerprints can yield 
different results (Mellor et al., 2019), so it is up to the assessor's 
interpretation.

3.3.3. Impact of uncertainty on the overall decision
Understanding the impact of uncertainty on decisions is a crucial 

step in assessing its influence. This impact must also be communicated 
clearly and unambiguously (EFSA Scientific Committee, 2018a, b). In 
the context of read-across, the “decision” refers to the confidence in the 
ability of the read-across to address a data gap. While this differs from 
EFSA's process of making an overall risk assessment decision, the same 
principle(s) can be applied. Additionally, considering the effect of in
dividual uncertainties can help organise the overall uncertainty assess
ment in a read-across, indicating that uncertainties with a high impact 
should be prioritised. In contrast, those with a lower impact may be less 
significant to the overall evaluation.

The impact of each uncertainty area on the overall assessment 
conclusion, such as the read-across assessment used to fill data gaps, was 
evaluated. Each of the seven uncertainty factors has a different level of 
impact, categorised as none, low, moderate, or high, as shown in 
Tables 2a and 2b for the two toxicological endpoints considered (skin 
sensitisation and repeated dose toxicity respectively).

The “sensitivity” of each of the uncertainty factors was considered 
for read-across as a whole and noted in Tables 2a and 2b All factors were 
considered to have potentially high impact with the exception of metrics 
for chemical similarity. The definition of impact in areas of uncertainty 
for skin sensitisation and repeated dose toxicity involves different as
pects of impact. It is expected that each toxicological endpoint will have 
a unique set of impacts. Thus, the sensitivity towards read-across is 
associated with the relative “magnitude” of the factor, which is specific 
to a particular endpoint and could be adapted to the context, e.g., to 
account for metabolically activated skin sensitisers, or chronic toxicity 
with a specific mode of action. To achieve the overall impact on the 
uncertainty conclusion, the endpoint-specific magnitude may be used to 
counter the sensitivity, i.e., whilst an uncertainty factor may have the 

Table 1 
The four ordinal terms proposed in this study to evaluate uncertainty in read- 
across are mapped onto the terms suggested by EFSA and utilised within the 
ECHA RAAF.

Uncertainty term 
proposed in this 
study

Relevant subjective probability 
range taken from Table 2, EFSA 
Scientific Committee (2018b)

Equivalent ECHA 
RAAF AO (Table 2, 
ECHA (2017))

Very low Greater than 95% Score = 5
Low 90 - 95% Score = 4-5
Moderate 66 - 90% Score = 2-3
High Less than 66% Score = 1-2

Table 2a 
Overall impact of the seven types of uncertainty identified in Section 2.1 on data gap filling through read-across for skin sensitisation.

Source of Uncertainties in Read-Across to Impacting on the Overall 
Uncertainty (Outcome Statement)

Sensitivity of 
Uncertainty to Read- 
Across

Magnitude of Uncertainty Relating 
to Skin Sensitisation

Overall Impact on the Uncertainty of the 
Final Outcome (Read-Across for Data Gap 
Filling for Skin Sensitisation)

Qualitative impact of metrics of chemical similarity on uncertainty 
in read-across for data gap filling (for skin sensitisation)

Low Low Low impact

Qualitative impact of chemical class on uncertainty in read-across 
for data gap filling (for skin sensitisation)

High Low Low impact

Qualitative impact of molecular similarity relating to 
toxicodynamics on uncertainty in read-across for data gap filling 
(for skin sensitisation)

High High High impact

Qualitative impact of molecular similarity relating to toxicokinetics 
on uncertainty in read-across for data gap filling (for skin 
sensitisation)

High Where relevant, low impact Low impact

Qualitative impact of molecular similarity relating to the formation 
of common metabolites or degradants on uncertainty in read- 
across for data gap filling (for skin sensitisation)

High Where relevant, high impact; where 
not applicable, no impact (and need 
not be assessed)

When metabolism is relevant to skin 
sensitisation – high impact, otherwise – low 
or no impact

Qualitative impact of chemical properties relating to toxicokinetics 
on uncertainty in read-across for data gap filling (for skin 
sensitisation)

High Moderate Moderate impact

Qualitative impact of toxicological data quality chemical 
properties on uncertainty in read-across for data gap filling (for 
skin sensitisation)

High High High impact
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potential for high impact in the overall read-across process, impact may 
be reduced for a particular endpoint, as demonstrated in Tables 2a and 
2b

For skin sensitisation (Table 2a), the most significant impact on the 
magnitude of uncertainty related to read-across concerns molecular 
similarity in toxicodynamics, specifically whether the source molecule 
exhibits the same mechanism of reactivity and the same or greater rate 
of reactivity than the target molecule. Reactivity is currently well un
derstood through the presence of functional groups (Enoch et al., 2011) 
and is considered to be the fundamental driving force for skin sensiti
sation (Wareing et al., 2017). It can also be represented by in chemico 
data (Alépée et al., 2023) or reactivity estimates from quantum chemical 
calculations (Enoch and Roberts, 2013). Uncertainty arises when a bi
otic or abiotic step is required to form the reactive species (Yordanova 
et al., 2021, 2024); this has a significant impact, especially when 
transformation products involve directly reactive molecules, but is not 
relevant and can be disregarded for others. Uncertainty regarding 
chemical properties related to, or directly assessing, skin penetration is 
less critical than overall reactivity as skin penetration, per se, is required 
but not a crucial driver of skin sensitisation. Therefore such properties 
are considered to have a moderate impact. Variations in skin penetration 
are acceptable, provided that the source molecule exhibits equal or 
greater skin penetration than the target (Gilmour et al., 2020). The 
impact of uncertainty in the chemical class is low, as for skin sensitisa
tion, read-across depends more on reactivity, which can be independent 
of chemical class. As noted above, the impact of chemical similarity 
metrics is low due to inconsistent overall scores.

The magnitude of impact of individual uncertainties in repeat dose 
toxicity is significant for aspects of toxicokinetics, especially those 
related to molecular clearance (Table 2b). This also indicates that un
certainty related to toxicokinetic properties and chemical class is simi
larly high (Date et al., 2020). Uncertainty in toxicodynamics will be 
minimal unless a specific mechanism of action, such as a pesticidal 
mechanism, is identified and characterised.

The purpose of considering the impact of individual uncertainties on 
the read-across assessment conclusion is to ensure flexibility in assessing 
each of the uncertainty sources and to support adaptability across the 
various endpoints typically considered in a robust safety assessment (see 
Tables 2a and 2b). While the effects can be generalised, it is acceptable 
to modify the influence with appropriate, context-specific justification. 
Thus the user or evaluator of a read-across assessment is encouraged to 
update and adapt the impact in accordance with existing knowledge and 
the state-of-the-art.

3.4. Examples of applying the proposed scheme to assessing uncertainties 
of chemical pairings

3.4.1. Assessment of overall uncertainty for a read-across to fill a data gap 
for skin sensitisation

2-Benzylidene-3,7-dimethyloct-6-enal lacks an EU REACH dossier, 
and no data on skin sensitisation were found. Therefore, it was used as 
the target for this illustration of uncertainty assessments of read-across 
predictions for skin sensitisation. It is a C17H22O analogue, specifically 
a benzylidene with an aldehyde group attached to the alpha-carbon of 
the benzyl-alkene and an unsaturated branched aliphatic substituent on 
the beta-carbon of the benzyl-alkene. Its mechanism of sensitisation 
involves a benzylidene Michael addition (Enoch et al., 2008, 2011). 
Using 2D structure analysis to classify potential substances for 
read-across sources initially, the focus was on the 
benzylidene-substituted aldehydes with carbon chains ranging from C15 
to C20. Literature searches identified only two compounds, 2-benzylide
neoctanal and 3,3-diphenylprop-2-enal, with relevant in vivo data (i.e., 
local lymph node assay (LLNA) concentration required for a three-fold 
increase in lymph node cell proliferation compared with vehicle con
trol (EC3) values). A subsequent search for smaller 
benzylidene-substituted aldehydes that could cause skin sensitisation 
revealed several compounds in the C9 to C13 range with reliable data; 
however, they were not evaluated as they were less similar to the ana
logues chosen.

The uncertainty schemes for using 2-benzylideneoctanal and 3,3- 
diphenylprop-2-enal as source substances are presented in Tables 3 
and 4, respectively. Tables 3 and 4 draw upon and interpret information 
that would normally be captured in the data matrix to support read- 
across. More detailed descriptions of the mechanism of action of the 
target substance, 2-benzylidene-3,7-dimethyloct-6-enal, and a summary 
of the mechanisms of action and EC3 potency of various compounds that 
are relevant to it are reported in Supplementary Information 2.

Based on the results shown in Tables 3 and 4, 2-benzylideneoctanal is 
the more suitable source compound for filling the data gap in skin 
sensitisation for 2-benzylidene-3,7-dimethyloct-6-enal, as it has the 
lower overall uncertainty. LLNA data from lower molecular weight 
benzylidene-substituted aldehydes (see Supplementary Information 2) 
add weight-of-evidence to the read-across evaluated in Table 3.

As detailed in Supplementary Information 2, aldehydes with similar 
hydrocarbon scaffolds, but without a carbon-to-carbon double bond or a 
non-conjugated carbon-to-carbon double bond (i.e., non- 
benzylidenealkanals), are either non-sensitisers or sensitisers through 

Table 2b 
Overall impact of the seven types of uncertainty identified in Section 2.1 on data gap filling through read-across for repeat dose toxicity.

Source of Uncertainties in Read-Across to Impacting on the Overall 
Uncertainty

Sensitivity of 
Uncertainty to Read- 

Across

Magnitude of Uncertainty Relating 
to Repeat Dose Toxicity

Overall Impact on the Uncertainty of the 
Final Outcome (Read-Across for Data Gap 

Filling for Repeat Dose Toxicity)

Qualitative impact of metrics of chemical similarity on uncertainty 
in read-across for data gap filling (for repeat dose toxicity)

Low Low Low impact

Qualitative impact of chemical class on uncertainty in read-across 
for data gap filling (for repeat dose toxicity)

High High High impact

Qualitative impact of molecular similarity relating to 
toxicodynamics on uncertainty in read-across for data gap filling 

(for repeat dose toxicity)

High For a specific mode of action, high; 
where no specific mode, low

Where a specific mode is present, high 
impact; otherwise - no impact

Qualitative impact of molecular similarity relating to toxicokinetics 
on uncertainty in read-across for data gap filling (for repeat dose 

toxicity)

High High High impact

Qualitative impact of molecular similarity relating to the formation 
of common metabolites or degradants on uncertainty in read- 

across for data gap filling (for repeat dose toxicity)

High Where relevant, high; where not 
applicable, no impact (and need 

not be assessed)

When metabolism is relevant to (sub-)chronic 
toxicity – high impact, otherwise – no impact

Qualitative impact of chemical properties relating to toxicokinetics 
on uncertainty in read-across for data gap filling (for repeat dose 

toxicity)

High High High impact

Qualitative impact of toxicological data quality chemical properties 
on uncertainty in read-across for data gap filling (for repeat dose 

toxicity)

High High High impact
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a reactive mechanism other than Michael addition.

3.4.2. Assessment of overall uncertainty for a read-across to fill a data gap 
for repeated dose toxicity

1-[1-(1-Methoxypropan-2-yloxy)propan-2-yloxy]propan-2-ol or tri
propyleneglycol monomethyl ether has no REACH dossier, and no 
repeated dose toxicity data were found. Therefore, it was taken as the 
target for this illustration of assessing uncertainties read-across. It is a 
C10H22O4 analogue, which is a secondary alcohol with a branched 
saturated aliphatic scaffold containing three ether linkages, including a 
terminal methoxy group. Searches of the scientific literature revealed 
several potential read-across source substances.

Explanations of the metabolic rationale for eliminating primary and 
tertiary alcohols but including secondary alcohols and corresponding 
ketones in searching for source substances for the target 1-[1-(1-methox
ypropan-2-yloxy)propan-2-yloxy]propan-2-ol and relevant rodent sub- 
chronic repeat dose toxicity data are reported in Supplementary Infor
mation 3. Using the uncertainty assessment scheme described above, 

four of these substances were evaluated in Tables 5–8. Tables 5–8 draw 
upon and interpret information that would normally be captured in the 
data matrix to support read-across.

Based on the results shown in Tables 5–8, 1-(1-butoxypropan-2- 
yloxy)propan-2-ol is the most suitable source compound for filling the 
data gap in subchronic repeated dose toxicity for 1-[1-(1-methoxypro
pan-2-yloxy)propan-2-yloxy]propan-2-ol, as it has the lowest overall 
uncertainty. The second-best source chemical, 1-(1-propoxypropan-2- 
yloxy)propan-2-ol, provides additional in vivo evidence supporting the 
read-across based on the best chemical pairings. 2,6-Dimethylheptan-4- 
ol and 1-propoxypropan-2-ol are both less ideal source materials, having 
moderate overall uncertainty due to significant and quantifiable struc
tural differences.

3.5. Analysis of uncertainty in published read-across predictions to 
identify tolerable uncertainty

RIFM's published safety assessments of fragrance materials were 

Table 3 
Uncertainty analysis of the read-across of skin sensitisation from 2-benzylideneoctanal to 2-benzylidene-3,7-dimethyloct-6-enal.
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examined. Most contained at least one example of read-across to fill a 
data gap for human health and, occasionally, environmental endpoints. 
Of the published safety assessments, 25 were chosen for assessment of 
the uncertainties in the read-across predictions according to the criteria 
stated in Section 2.1 for skin sensitisation and repeated dose toxicity. 
The description of the read-across process, along with a summary of the 
read-across approaches, is summarised in Supplementary Information 4 
with the outcomes of the uncertainty assessment in Tables S4.1 and S4.2.

These fragrance material safety assessments represented different 
chemical classes within the fragrance inventory (Date et al., 2020). The 
endpoint distributions of read-across reflect the distribution of end
points across over 1500 published assessments containing one or more 
read-across justifications (Moustakas et al., 2022) – although only two 
endpoints for a small number of examples were assessed here. Aside 
from one judgment, which was found to be “moderate” for repeated dose 
toxicity, the authors considered the overall uncertainty of the 
read-across pairings to be “very low” or “low”. It is acknowledged that 

fragrance ingredients are an exceptionally data-rich segment of the 
chemical universe, with limited structural diversity, and that these 
factors contribute to the overall uncertainties being so low. The findings 
support the idea that tolerable uncertainty is likely ensured if the overall 
judgment indicates low or very low uncertainty.

4. Discussion

Read-across is one of the most important, if not the most widely used, 
in silico NAMs. Although their acceptance rates vary, they are progres
sively improving (Hartung and Rovida, 2025). Several read-across sce
narios have been identified (Patlewicz et al., 2025). The most common 
use is filling data gaps, especially for replacing animal tests in risk as
sessments for industrial and regulatory purposes. Generally, using 
read-across to support risk assessment involves some of the strictest 
acceptance criteria, with acceptability and confidence levels, along with 
supporting information, being determined by industrial standards or 

Table 4 
Uncertainty analysis of the read-across of skin sensitisation from 3,3-diphenylprop-2-enal to 2-benzylidene-3,7-dimethyloct-6-enal.
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regulatory requirements. One way to evaluate read-across is to develop 
methods for identifying and characterising uncertainty. The recent EFSA 
guidance reinforces the idea of “tolerable uncertainty,” but it does not 
specify the acceptable levels. This study aimed to develop and utilise a 
novel approach to assess qualitatively the main aspects of uncertainty in 
read-across based, in part, on EFSA's guidance relating to uncertainty 
and read-across (EFSA Scientific Committee, 2018b; 2025).

4.1. Qualitative assessment of the uncertainty in read-across

This study identified seven core elements that contribute to uncer
tainty in read-across. The goal was to simplify the process of identifying 
uncertainty in read-across into a clear, manageable set of criteria.

A variety of approaches to characterise and quantify uncertainty in in 
silico toxicology have been previously explored and influenced this 
work. These include methods such as Bayesian learning (Allen et al., 
2022) and conformal predictions (Sapounidou et al., 2023), among 
others (Sahlin et al., 2011). The approach taken in this study was not 
based on statistical methods but aimed to develop a transparent, flex
ible, and easily applicable scheme that could be used to evaluate 
read-across and demonstrate tolerable uncertainty. This study employed 

four levels of uncertainty, based on principles outlined by the EFSA 
Scientific Committee (2018a, b). The four ordinal classifications of un
certainty rely on expert analysis and enough information to assess the 
acceptability of the read-across. The primary uncertainty levels are 
“very low” and "low," and it is expected that these would be acceptable 
for most purposes. However, only very low levels of uncertainty may be 
inevitably acceptable for certain uses, such as filling data gaps for 
regulatory-related risk assessments. Moderate levels of uncertainty may 
be tolerable in certain circumstances, and when the impact on the 
overall outcome is low. High levels of uncertainty are, in most cases, 
unlikely to be tolerable; the high uncertainty grading is broad (note that 
no very high classification is proposed) and intended to capture any 
level of non-tolerable uncertainty. It is unlikely for a read-across pre
diction with significantly high levels of uncertainty to ever advance 
beyond the formative phase unless it is mitigated by low, or no, impact 
or until further data and/or information is included to create a 
weight-of-evidence (Escher et al., 2019, 2022).

To meet current regulatory standards and criteria, classifying un
certainty in binary terms (e.g., acceptable/unacceptable) is of little, or 
no, value. Ordinal classifications (e.g., classification with three or more 
categories) have been proposed. Schultz et al. (2015) proposed three 

Table 5 
Uncertainty analysis of the read-across of sub-chronic repeated dose toxicity from 1-(1-butoxypropan-2-yloxy)propan-2-ol to 1-[2-(2-methoxy-1- 
methylethoxy)-1-methylethoxy]propan-2-ol.
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levels: high, moderate, and low. ECHA RAAF has five AOs (ECHA, 
2017). These can be broadly mapped onto the scheme proposed in this 
study, as demonstrated in Table 1. It is intended that every aspect of the 
read-across uncertainty scheme be flexible and adaptable. If there is a 
need to adjust the definitions or impact of the relative levels of uncer
tainty, this would be possible. However, schemes with a high number of 
classifications (i.e., more than five) often struggle to achieve a majority, 
let alone a consensus, of expert opinions.

As illustrated in the examples (Tables 3–8), an overall uncertainty 
statement for the read-across can also be derived from the ordinal values 
in the proposed scheme. Three factors contribute to this statement: 1) 
the overall impact on the uncertainty of the final prediction, 2) the 
magnitude of uncertainty associated with the endpoint being filled, and 
3) the sensitivity of uncertainty to the read-across concept. However, the 
contributions of these factors vary. Only one uncertainty criterion 
(chemical-similarity metrics) has an overall impact below the high level.

When the specified similarity is relevant to the read-across chemical 
pairing, the overall impact on the final prediction's uncertainty and the 
magnitude of uncertainty associated with the endpoint being filled are 
typically highly correlated. Therefore, overall uncertainty is usually 
driven by the high-impact uncertainties. The general consideration is 
that overall uncertainty cannot be lower than the highest level of un
certainty among the “high impact” uncertainties. Overall uncertainty 

can be lower than the level of uncertainty associated with “moderate/ 
low impact" uncertainties. However, concrete examples of such occur
rences are not available as failed read-across predictions are not 
published.

Tolerable uncertainty would usually be established during the 
problem formulation stage of read-across (EFSA Scientific Committee, 
2025) and will be specific to the context and use. A key aim of this study 
and a notable feature of the proposed approach is to identify and define 
tolerable uncertainty. This method would enable the expression of levels 
of tolerable uncertainty, and, by applying the seven criteria in a standard 
format, can vastly improve their application. Applying the reported 
uncertainty assessment scheme to the 25 published read-across assess
ments for skin sensitisation (see Table S4.1) and repeated dose toxicity 
(see Table S4.2), we obtained only one prediction that has an overall 
uncertainty greater than “low”. The overall uncertainty of moderate is 
explainable, and could be improved by the addition of further data to 
reduce uncertainty.

A key feature of the proposed uncertainty assessment scheme is its 
flexibility. Although only skin sensitisation and subchronic repeat dose 
systemic toxicity are demonstrated, it can be adapted to other endpoints. 
Typically, the scheme details for skin sensitisation can be easily modi
fied for mutagenesis, clastogenesis, and likely photo irritation. Similarly, 
the scheme details for repeat dose toxicity should be adjustable to 

Table 6 
Uncertainty analysis of the read-across of sub-chronic repeated dose toxicity from 1-(1-propoxypropan-2-yloxy)propan-2-ol to 1-[2-(2-methoxy- 
1-methylethoxy)-1-methylethoxy]propan-2-ol.
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include fertility and developmental toxicity.

4.2. Regulatory relevance of the proposed scheme and template for the 
assessment of uncertainty in read-across

The scheme presented provides for the pragmatic assessment of 
overall uncertainty in a flexible manner and the opportunity for toler
able uncertainty to be stated as part of the regulatory framework. Spe
cifically with regard to ECHA RAAF (ECHA, 2017), the above examples 
are directly relatable to ECHA RAAF Scenario 2 (analogue approach for 
which the read-across hypothesis is based on different compounds with 
qualitatively similar properties). With regard to the AEs in RAAF Sce
nario 2, the approach to assess uncertainty will directly support. 

• AE A.2 Link of structural similarities and differences with the pro
posed prediction

In addition, it will provide indirect support to assess. 

• AE 2.2 Common underlying mechanism, qualitative aspects
• AE 2.3 Common underlying mechanism, quantitative aspects

The scheme will need to be adapted for each endpoint assessed, 
particularly with a better understanding of the impact of each of the 
uncertainty criteria. It is envisioned that the requirements to provide 
evidence to meet the information requirements within current, and 
future, chemicals’ legislation will dictate that overall uncertainty must 
be preferentially “very low” as described in this approach, or occa
sionally “low” with reasonable justification. These uncertainties have 
not previously been placed in a defined, and quantifiable context as is 
provided in this approach. The scheme and template also allow for the 
inclusion of further evidence to support the structural characterisation, 
such as the inclusion of NAM data.

The scheme can also be adapted to meet the needs of other RAAF 
scenarios (not detailed herein). In addition, it can be used for other 
regulatory purposes, where similarity criteria may be more relaxed. An 
example is the recent revision of the EU Classification, Labelling and 
Packaging (CLP) (EC, 2024), where greater emphasis has been placed on 
the use of groups for harmonised classifications (CLH). CLH may allow 
for more relaxed consideration of similarity, for instance, putting 
emphasis on similarity in mode of action, rather than 2D structure. Such 
relaxation of criteria can be accommodated in the scheme in two ways. 
One possibility is that the relative impact of the uncertainty criteria 
could be reduced, emphasising the structural basis of the mode of action. 

Table 7 
Uncertainty analysis of the read-across of sub-chronic repeated dose toxicity from 2,6-dimethylheptan-4-ol to 1-[2-(2-methoxy-1-methylethoxy)- 
1-methylethoxy]propan-2-ol.
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Alternatively, in the flexible application of the scheme, higher uncer
tainty in the less relevant criteria (e.g., for structural similarity) could be 
tolerable on an ad hoc and well-justified basis. These latter points could 
be made clear in the overall problem formulation.

5. Summary

It has been over a decade since Ball and others broached the ques
tion, "How much uncertainty in read-across predictions is too much?" 
(Ball et al., 2014). Some of the earlier findings remain valid today. The 
differences in establishing tolerable uncertainty depend on the data gap 
being filled, specifically the context (regulatory or otherwise) and 
endpoint. Data gaps range from observations at the molecular or cellular 
level to those at the organismal level. Some data gaps exist for 
well-studied and well-understood endpoints, while others pertain to less 
well-understood endpoints. Additionally, some data gaps are expressed 
in binary ordinal terms (toxicity or non-toxicity), while others are 
quantified as continuous potency. These factors impact the uncertainties 
associated with accepting a read-across prediction. Specific policies 
and/or regulations will also influence tolerable uncertainty, such as 
assessing every substance in an inventory or avoiding animal testing. 
While determining tolerable uncertainty in read-across remains 
expert-derived and determined on a case-by-case basis, the criteria for 
evaluating and standards for quantifying uncertainty have become more 
established.

The scheme for assessing uncertainty in read-across proposed in this 
study is intended to be flexible and adaptable. It defines fully the levels 
of uncertainty and their relative impact. While different degrees of 
structural similarity and various data arrays are observed in published 
read-across predictions, the uncertainties associated with these pre
dictions can be classified into two situations. The read-across is directly 
actionable based on data from a source chemical that strictly or near- 
strictly meets the structural definition of the target substance. Howev
er, as the structural definition of the chemical grouping becomes more 
lenient, uncertainty tends to increase, making the read-across not 
actionable without considering additional forms of chemical similarity. 
The approach presented herein is intended to assist in translating the 
concept of uncertainties in read-across into a scheme that recognises, 
evaluates, and details relevant and overall uncertainties.
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